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cAngiology, Department of Internal Medicine, Kantonsspital Winterthur, Winterthur, SwitzerlandAbstractPurpose: A retrospective analysis of the diagnostic performance of the timed arterial compression (TAC) technique, which allows freezing of
the contrast bolus during first-pass contrast-enhanced (CE) magnetic resonance angiography (MRA) to diagnose vascular pathologies in the
hand.
Material and Methods: A total of 14 consecutive CE-MRAs of the hand were acquired by using the TAC technique. By inflating a blood
pressure cuff up to 200 mm Hg triggered to the arterial contrast filling of the hand, prolonged measurement times up to 144 seconds, with
a spatial resolution of 0.59  0.59  0.8 mm3, could be realized. Overall image qualities, arterial signal-to-noise ratio (SNR), contrast-to-
noise ratio (CNR), and vessel conspicuity besides the final diagnosis were evaluated.
Results: All 14 TAC-CE-MRAs of the hand were successfully accomplished without any adverse events and yielded, in all cases, a final
diagnosis with a high total number of vascular pathologies (57). High arterial SNR and CNR values exceeding the soil of 85 and 60,
respectively, resulted. Thus, overall vessel visibility (>90%), vessel conspicuity (mean D signal intensity [SI]/mm ¼ 1,193) and image
quality on a per patient level (>60%) were rated as excellent or good.
Conclusions: TAC-CE-MRA of the hand offers high diagnostic performance because of its increased spatial resolution while preserving
contrast, which allowed detection of tiny stenoses of the digital arteries.Re´sume´Objet: Une e´tude re´trospective portant sur la performance diagnostique de la technique de compression arte´rielle minute´e (TAC), qui permet
de bloquer le bolus pendant une angiographie par re´sonance magne´tique (ARM) de premier passage avec injection d’un produit de contraste,
pour diagnostiquer des pathologies vasculaires de la main.
Mate´riel et me´thodes: Au total, 14 ARM de la main conse´cutives ont e´te´ obtenues au moyen de la technique TAC. Le gonflage d’un brassard
de tensiome`tre a` 200 mmHg synchronise´ au remplissage de contraste des arte`res de la main a permis de prolonger le temps de mesure jusqu’a`
144 secondes, avec une re´solution spatiale de 0,59  0,59  0,8 mm3. La qualite´ ge´ne´rale des images, le rapport signal-bruit arte´riel, le
rapport contraste-bruit et la perceptibilite´ des vaisseaux, en plus du diagnostic final, ont e´te´ e´value´s.
Re´sultats: L’ensemble des 14 ARM de la main au moyen de la technique TAC ont e´te´ effectue´es sans aucun e´ve´nement inde´sirable et ont
mene´, dans tous les cas, a` un diagnostic final, et a` un nombre total e´leve´ de pathologies vasculaires (57). Des rapports signal-bruit et
contraste-bruit e´leve´s au-dela` de 85 et 60, respectivement, ont e´te´ obtenus. Ainsi, la visibilite´ globale des vaisseaux (> 90 %), la perceptibilite´
des vaisseaux (intensite´ moyenne des signaux D/mm ¼ 1 193) et la qualite´ des images pour chaque patient (> 60 %) ont e´te´ note´es comme
e´tant excellentes ou bonnes.
Conclusions: L’ARM de la main au moyen de la technique TAC offre une performance diagnostique e´leve´e en raison d’une meilleure
re´solution spatiale et d’une pre´servation du contraste, et a permis de de´celer de minuscules ste´noses des arte`res digitales.
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Instead of using cost-intensive and more invasive digital
subtraction angiography (DSA) for the diagnosis of vascular
pathologies within peripheral arteries of the hands, first-pass
contrast-enhanced (CE) magnetic resonance angiography
(MRA) has seen widespread acceptance. Up until the
present, it was assumed that the magnetic resonance imaging
(MRI) technique does not usually achieve the same diag-
nostic quality as selective DSA, mainly because of poorer
spatial resolution [1]. Although CE-MRA has been thor-
oughly investigated for the supra-aortic, aorta, pelvic, and
lower limb vessels, fewer clinical studies have been per-
formed on the upper extremities or hands. This may probably
be explained by the rather small vessel size, reduced
frequency of vascular pathologies, rather complex flow
patterns, the close proximity of paired veins alongside
peripheral arteries, that make MR angiography more
challenging. In fact, diagnostic CE-MRA of the hand vessels
needs a submillimetre spatial resolution, whereas the mean
delay of arteriovenous transit time equals only 11 seconds
[2]. From this background, it follows that the time window
for selective arterial depiction without venous contamination
is rather restricted. Moreover, the hand vasculature often
presents marked intraindividual differences, with differing
dynamics and thus challenging diagnoses.
Several technical propositions combined with MR
sequence settings have been proposed to overcome these
constraints. Parallel imaging methods that use the appro-
priate coil equipment may speed up the imaging. For tech-
nical reasons, it was assumed that this technique actually
ought to lead to a signal loss, which could not, however, be
confirmed in the study by Brauck et al [1]. In particular, in
studies that involved 3.0-T devices, the signal and hence
diagnostic quality will continue to improve in the future [3].
Other strategies derive from segmented k-space algorithms,
with early first-pass dynamic acquisition of central k-space
and late acquisition of peripheral k-space (keyhole tech-
nique), which allows a multifold increase in spatial resolu-
tion [4] and more dynamic approach. Hence, the rather quick
venous filling cannot be neglected when using such
segmented k-space techniques.
Therefore, in 2003, we published a new technique, which
we called the ‘‘timed arterial compression’’ (TAC) technique.
TAC allows prolongation of the acquisition time and
concomitantly boosts spatial resolution [5]. This is achieved
by using a blood pressure cuff, without any magnetic mate-
rial and which is wrapped around the upper arm of the
patient and connected to the hospital’s oxygen supply. After
T-delay, when the polliceps artery is completely filled, the
blood pressure cuff is rapidly inflated up to 200 mm Hg to
block the blood flow entirely during the subsequent acqui-
sition period. This complete arrest of blood flow and, inparallel, of contrast flow permits prolongation of the imaging
time almost as long as desired at relatively constant condi-
tions. The so-called TAC-CE-MRA technique was initially
evaluated on a series of 10 volunteers and some individual
patients [5]. Since 2003, our diagnostic results were
convincing and permitted the achievement of high-resolution
imaging. In the meantime, our technique has been imple-
mented in our clinical setting. The purpose of this retro-
spective study was to assess in more depth the clinical value
of TAC-MRA in various vascular pathologies of the hand
arteries.
Materials and MethodsPatient SelectionThis retrospective clinical study, which covered all our
TAC-CE-MRAs from February 2006 to December 2007, was
approved by our institutional ethics committee. Informed
written consent was obtained from all patients before
inclusion and starting evaluation of their study data, in case
of the single minor, both parents as well as the patient herself
agreed. Thus, a total of 14 hand CE-MRAs, all with clini-
cally suspect arterial hand pathology, were included in the
study, which resulted in a total of 12 patients (9 female, 3
male). Patient ages ranged from 13e86 years (mean age, 52
years). During the defined time period, all retrieved hand
MRAs were performed according to our previously described
TAC-CE-MRA technique under standardized techniques. No
patient was excluded secondarily, although it could not be
assessed how many patients had refused their participation
initially mainly because of contraindications to MRI or
gadolinium.MRAAll MRA examinations had been performed with a 1.5-T
unit (Achieva, software release 11.2; Philips Medical
Systems, Best, The Netherlands) provided with master
gradients (maximum amplitude, 30 mT/m; maximum field of
view, 530 mm). The patients had been placed in a prone
head-first position, with the hand to be examined above the
head and well fixed to the Philips 2-element M-flex phased-
array surface coil. To reduce motion artifacts, the hand was
wrapped gently with cushions on top of the flexible surface
coil, which was attached to a wooden support plate in the
sagittal direction.
The scan was started with autosurvey and triplanar
angioplaner sequences. The exact delay time of the first-pass
bolus was determined by performing a serial 2-dimensional
T1-fast field echo [FFE] pulse sequence (BolusTrak; Philips
Medical Systems; repetition time [TR] shortest, echo time
[TE] 1.8 ms, flip-angle 50, voxel size 1.37  2.73  80 mm3),
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Dotarem; Guerbet, Roissy, France) administered intrave-
nously from the contralateral arm followed by a 50-mL
saline solution chaser, both at a flow rate of 2.5 mL/s.
First-pass delay was defined as the time point when the
princeps pollicis vein was starting to be filled (Tdelay). The
angiograms were acquired by using a high-resolution T1-
weighted 3-dimensional (3D) gradient-echo sequence (TR
8.7 ms, TE 4.3 ms, flip-angle 35, matrix 512  256, field of
view 300  150  56 mm3, partition thickness 0.8 mm, 70
partitions, voxel size 0.59  0.59  0.8 mm3, and zero
filling). After acquisition of a first series of nonenhanced
images (mask), a single-dose contrast injection, 0.1 mmol/kg
body weight gadoterate meglumine (Gd-DOTA) followed by
a saline solution flush (50 mL of 0.9% NaCl) was started
(both at an injection rate of 2.5 mL/s) by using an automated
power injector (Spectris Solaris; MEDRAD, Philadelphia,
PA). At Tdelay, the cuff was instantly inflated to 200 mm Hg
to freeze the peripheral blood flow entirely. After the
acquisition of the arterial phase, the blood pressure cuff was
deflated and reinflated within approximately 5 seconds to
determine the subsequent venous phase images. The total
scan time required for each acquisition was 77e144 seconds,
depending on the desired local resolution and total numbers
of slices. Pre- and postcontrast data were subtracted from one
another; the subtracted images were postprocessed by
maximum intensity projections with 18 projections in 10
steps.Image EvaluationSubtracted maximum intensity projection image sets were
evaluated on a workstation (ViewForum; Philips Medical
Systems). Overall image quality, which included assessment
of arterial filling, degree of venous contamination, motion or
other artifacts, and vessel delineation, were evaluated by 2
experienced radiologists with 5 and 3 years of experience in
vessel analysis by MRI. These 2 consultant radiologists
interpreted these images in a consensus reading by using
a 4-point scale (excellent, good, satisfactory, and poor).
Excellent image quality referred to an image with homoge-
nous arterial filling, without any venous contamination, and
with no artifacts, and a clear outline of the contours of the
arteries. Good image quality is marked by the presence of
little venous overlay and/or artifacts but no hampering of
diagnostics, compared with the previous group with even less
arterial filling and vessel delineation. Satisfactory quality
referred to the presence of artifacts or low contrast and high
noise, which made it more difficult to distinguish the vessel
from the background. Poor image quality referred to severe
venous contamination and low arterial filling so that the
vessels could not be clearly identified.
By deriving from the region of interest signal measure-
ments within the single arteries, the perivascular soft-tissue
and extra-anatomic background, the signal-to-noise ratios
(SNR) (signal intensity [SI] artery/standard deviation [SD]
noise) and contrast-to-noise ratios (CNR) (SI arteryeSImuscle tissue/SD noise) were calculated. Vessel delineation
was assessed by placing perpendicular to the vessel of
interest a region of interest trespassing into the endothelium.
Mean up- and downslopes on both edges were assessed
graphically by measuring the DSI per millimetre. Moreover,
visibility of the radial, ulnar, principle pollicis artery and the
palmar arches, and the common and proper digital arteries
were evaluated.StatisticsContinuous data are given as the mean (standard devia-
tion) and range, as appropriate. Discrete data are given as
counts and percentages. No group-relevant comparison was
undertaken, which allowed statistical evaluation by using the
Excel software (Microsoft Corp., Redmond, WA).
Results
All 12 enrolled patients (for characteristics, refer to
Table 1), with a total of 14 hand TAC- CE-MRAs for final
analysis, were successfully accomplished. During the imaging
procedure, no spontaneous contrast agenterelated adverse
event or TAC-MRA-related complication or hypoxia-related
complaint occurred. The patients endured the examinations
well, despite the temporal suprasystolic vessel closure with
200 mm Hg, without reporting any pain or other discomfort.
In more than 60% of the TAC-CE-MRAs (9/14), overall
image quality could be rated as excellent or good, whereas
only 2 were of poor quality (Table 2), and the remaining 3
were satisfactory. Thus, the mean grading of the image
quality was high, with even small digital arteries visible and,
therefore, a high proportion of diagnostic image quality.
Mainly because of soft cushion placement, no evident
compression effect with arterial hand vessel interrupt
because of fixation was observed. The SNR (all above 85),
CNR (all above 63), and vessel delineation (mean DSI/mm ¼
1193) could be assessed in all cases (Table 3), with relatively
high levels of contrast and SNR compared with other
publications. In fact, the mean SNR of the arterial vessel
branches ranged from a mean of 85.8 for the proper palmar
digital artery up to 124.1 for the radial artery. This must be
compared with mean values of 21  5 and 41  11 at 1.5 or
3.0 T, respectively, for the distal radial artery, and 36  11
and 63  18 at 1.5 or 3.0 T for the distal ulnar artery. Hence,
the increase in vascular SNR exceeded that measured even at
high-field strength [3]. Vessel conspicuity, which ranged
from a mean of 883 DSI/mm for the proper palmar digital
artery up to 1429 DSI/mm for the princeps pollicis artery was
comparable with the previous measured values for volunteers
[5]. The cross-sectional signal profiles, especially of the
bigger hand arteries, showed a broad signal plateau (Figure
1), whereas the plateau of the smaller arteries was less
distinct (Figure 2).
A relatively high proportion with erroneous bolus timing
from either incomplete arterial filling or venous contamina-
tion was seen in a total of 9 cases but resulted in insufficient
Table 1
Case description and characteristics with symptoms and final diagnosis based on first-pass timed arterial compression contrast-enhanced MRA
Patient No.
Patient
age, y Symptoms Diagnosis
Length of stenosis
and/or occlusion
1 13 Tumour in the palmar right
hand
Arteriovenous
malformation palmar from
the head of the IV
metacarpal bone
2 58 Raynaud pathology, right
hand
Occlusion (100%) of the
ulnar artery
2 cm
3 44 Raynaud pathology, right
index finger
Occlusion (100%) of the
proper palmar digital artery
of the right index finger
2.6 cm, distal third
4 67 Pain and pallor, right ring
and little finger
Occlusion (100%) of the
distal ulnar
4.2 cm, distal third
5 85 Paresthesia, left hand Occlusion (100%) of the
ulnar artery
Entire ulnar artery
6 35 Paleness, cold, and
paresthesia, right ring and
little finger
Occlusion (100%) of the
distal ulnar artery and the
fourth and fifth proper
digital arteries
2.6 cm, distal third
7 40 CREST syndrome, right
hand
Stenosis grade IV of the
radial artery, followed by
occlusion
2 cm
Stenosis grade III of the
ulnar artery
1.5 cm
Four stenoses grade IV of
the second and third digital
arteries
All approximately 0.4 cm
Stenosis grade IV of the
fourth digital artery,
followed by occlusion
0.4 cm
8 40 CREST syndrome, left
hand
Stenosis grade IV of the
distal third of the radial
artery
1.9 cm
Occlusion of the principle
pollicis artery
1.3 cm
Occlusion of the ulnar
artery
3.4 cm
Stenosis grade IV of the
fourth digital artery
0.5 cm
Occlusion of the superficial
palmar arch
1.8 cm
9 63 Raynaud pathology, left
index and middle finger
Stenosis grade III of the
common palmar artery II/
III digit
1.5 cm
Stenosis grade III of the
principle pollicis artery,
followed by occlusion
0.5 cm
Stenoses grade IV of the
common palmar arteries
III-V digit, followed by
occlusion
1.8e2.3 cm
10 86 Pallor, paresthesia, and
pulselessness, right hand
Severe generalized
peripheral artery occlusive
disease of right hand with
multiple stenoses grade II-
IV of the radial and ulnar
arteries
11 64 Acrocyanosis, left little
finger
Stenosis grade IV of the
proper palmar digital artery
V
2 cm
Stenosis grade IV of the
common palmar artery III/
IV digit
2.5 cm
(continued)
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Table 1 Case description and characteristics with symptoms and final diagnosis based on first-pass timed arterial compression contrast-enhanced MRA
(continued )
Patient No.
Patient
age, y Symptoms Diagnosis
Length of stenosis
and/or occlusion
12 50 Rat bite necrosis, thumb
and left index finger
Multiple stenoses grade I of
the distal radial and ulnar
arteries
Stenosis grade III of the
superficial palmar arch
1 cm
Stenosis grade III of the
principle pollicis artery
0.9 cm
13 40 Essential thrombocytosis;
reduced perfusion of both
hands; left side
Stenosis grade III of the
distal third of the radial
artery
1.5 cm
Stenosis grade III of the
principle pollicis artery
3.5 cm
Stenosis grade IV of the
ulnar artery
1.4 cm
Stenosis grade IV of the
proper digital arteries III-IV
0.5e1.5 cm
Stenosis grade III of the
common palmar digital
artery III/IV digit
0.5 cm
Stenosis grade IV of the
superficial palmar arch
0.4 cm
14 40 Essential thrombocytosis;
reduced perfusion of both
hands; right side
Stenosis grade IV of the
principle pollicis artery
2 cm
Multiple stenoses grade I in
the distal third of the ulnar
artery
Stenosis grade III of the
common palmar digital
artery III/IV digit
3.8 cm
MRA ¼ magnetic resonance angiography; CREST ¼ calcinosis, raynaud phenomen, esophageal dysmotility, sclerodactyly, and telangiectasia.
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pathology dependent, could be seen in 6 cases, whereas
incomplete arterial filling resulted in 3 cases (Table 4).
In 3 cases, TAC-CE-MRA revealed the vessel tree up until
the palmar arches and common palmar arteries, and, in the
other 11 cases, the vessel visibility of the arising branches
extended up until the middle or distal segment of the proper
digital arteries (Table 5). Overall, a vessel visibility that
exceeded >90.4%, including the digital arteries, resulted.
With respect to the various pathologies, there were 5 patients
with occlusion of the ulnar artery, 2 patients with occlusion of
the radial artery, 1 patient with arteriovenous malformations
(AVM), 2 patients with occlusion of the palmar-metacarpal
arteries, 4 patients with occlusion of the proper palmar digital
arteries, 1 patient with occlusion of the radialis indicis artery,
1 patient with occlusion of the princeps pollicis artery, andTable 2
Results of overall image quality assessed in consensus by 2 readers; the
number of cases refers to the number of hand timed arterial compression
contrast-enhanced magnetic resonance angiography examinations
Score No. cases
1 (poor) 2
2 (satisfactory) 3
3 (good) 5
4 (excellent) 41 patient with severe generalized peripheral artery occlusion
disease. Overall, a high number of stenoses could be depicted in
20 proper digital arteries, 10 common palmar digital arteries,
3 deep palmar arches, 3 princeps pollicis arteries, 3 ulnar
arteries, and 1 radial artery.
Exemplarily, to demonstrate the advantages of TAC-CE-
MRA, several casuistic overviews are presented. In the case
of the 13-year-old patient, the TAC-CE-MRA allowed
depiction of an AVM of size 8  4  4 mm3 located pal-
marly from the head of the IV metacarpal bone; the AVM is
supplied by a branch of the common digital artery between
the metacarpal bones III and IV, and it is drained by a digital
vein of Dig V into a superficial dorsal vein (Figure 3).
The MRA of a patient with hypothenar hammer syndrome
revealed an occlusion of the ulnar artery of 2 cm length at the
level of the hypothenar eminence (Figure 4). In 1 female
patient, the MRA depicted the occlusion of the proper palmar
digital artery of the left forefinger as the reason for the iso-
lated Raynaud symptom of the same finger. Corkscrew
collaterals, which are typical for Buerger disease, are visible
(Figure 5). In a patient who had pain, coldness, and numb-
ness on the ulnar side of the right hand, an occlusion of the
distal ulnar artery (Figure 6A) could be observed, despite
a moderate-to-severe venous contamination. In another
female patient, who presented with acrocyanosis of her left
Table 3
Mean SI, SNR, and CNR data of all magnetic resonance angiographic studies for the various vessels in the hand, together with the delineation profile that
corresponds to vessel conspicuity
Vessel Mean SI ( SD) Mean SNR ( SD) Mean CNR ( SD) Delineation, DSI/mm ( SD)
Radial artery 1019.3  200 124.1  90.1 101.3  81.9 1120.8  470.3
Ulnar artery 1046.5  438 115.5  47 92.1  39 1026.7  486
Princeps pollicis artery 935.9  295 100.1  39.7 77.3  31.5 1428.6  531.1
Deep palmar arch 1006.2  261.6 119.6  62.8 96.6  53 1364.3  789.4
Common palmar digital artery 878.1  302 94.2  41.7 71.3  35.8 1338.6  697.5
Proper palmar digital artery 707.2  204.8 85.8  50.5 63.8  39.7 882.6  344.8
SI ¼ signal intensity; SNR ¼ signal-to-noise ratio; CNR ¼ contrast-to-noise ratio.
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the TAC-CE-MRA, which reduced the diagnostic value
markedly (Figure 6B). One 58-year-old female patient with
Raynaud pathology of both hands showed on the TAC-CE-
MRA sparse and sidled images of the radial and ulnar artery,
and the common palmar digital arteries. The princeps pollicis
artery and the proper digital arteries featured strong wall
irregularities, which were most likely caused by atheroscle-
rotic changes (Figure 7). A patient with pallor, chillness, and
paresthesia in his right ring and little finger under cold
exposure, showed occlusions of the ulnar and proper digital
arteries of the ring and little finger (Figure 8) on the TAC-
CE-MRA.Discussion
Intra-arterial DSA is considered the criterion standard for
diagnosis of vascular pathologies in hand and finger arteries
in the radiologic and interventional community. Although
CE-MRA is considered to be a valuable alternative to DSA in
the assessment of peripheral arterial occlusive diseases [6],
there are only a few publications about MRA of the hand
[1,3,7e9]. Visualization of the arterial anatomy of the hand
and wrist is possible [10], but the digital arteries in most
studies and publications could not be delineated sufficientlyFigure 1. Typical cross-sectional signal intensity (SI) profile of peripheral
radial artery acquired with timed arterial compression contrast-enhanced
magnetic resonance angiography technique in a well-timed case. The plateau
indicates indirectly that the contrast-enhanced blood was not flowing.by MRI. Thus, in most of the radiologic institutions world-
wide, diagnostic angiography is the method of choice to
diagnose vessel pathology in the hand. The disadvantage of
this technique is obvious. It involves an invasive procedure
with concomitant high radiation exposure for both the patient
as well as for the investigator. Moreover, potentially neph-
rotoxic contrast media are used, which, especially in patients
with restricted renal function, bear a certain risk. After all,
10% of inpatients with renal failure have this medical
problem as a result of an iatrogenic application of iodine-
containing contrast medium [11]. Furthermore, according to
our research, a comparative clinical study of the diagnostic
value of DSA and CE-MRA of the hands has not yet been
published.
A limiting factor in hand MRA up until now is to obtain
sufficient SNR and CNR, together with a submillimetre
spatial resolution to depict the tiny palmar and digital arterial
branches of the hand without any or with little venous
contamination. This limitation may be overcome by using
TAC, as this feasibility study confirms. Presuming a well-
timed contrast bolus and the successful complete arrest of
blood flow with application of suprasystolic pressure allows
extending the measurement time, as in our case, up to 144
seconds or even beyond instead of the usual 20 seconds.
TAC-CE-MRA allows for freedom of choice of measurement
time as long as no pain results from hypoperfusion orFigure 2. Typical cross-sectional signal intensity (SI) profile of proper digital
artery acquired with the timed arterial compression contrast-enhanced
magnetic resonance angiography technique. This smaller vessel presents
some Gauss-type curve that may be attributed to the rather small diameter of
the artery and some rest flux within the artery.
Figure 3. Arterial phase of a timed arterial compression contrast-enhanced
magnetic resonance angiography of a patient with an arterial-venous mal-
formation (big thin arrow), the distal part of the proper digital arteries is
visualized (small thin arrow). Some venous contamination (arrow heads) can
be seen.
Table 4
Results of quality assessment concerning the bolus timing
Bolus timing No. cases
Incomplete arterial 3
Optimal arterial timing 5
Venous contamination 6
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a large number of stenoses and occlusions are readily dis-
played, despite the small average diameters of the vessels
and despite temporal absence of flow because of complete
blood flow arrest with the cuff, yet, nevertheless, with
depiction of poststenotic vascular regions.
Furthermore, our study results confirm that TAC-CE-
MRA, despite its submillimetric spatial resolution, also
allows an increase in both SNR and CNR values that exceed
recently measured values of 3.0 T [3] to be obtained. Even
though such a direct comparison must always be made with
caution, it, nevertheless, confirms the value of TAC-CE-
MRA for the vessels of the upper extremities.
Vessel conspicuity of the larger hand arteries, of the more
proximal phalanges, but also of the digital arteries, was
absolutely comparable with the previous measured upslopes
of volunteers (5) determined with TAC-MRA. Apparently,
the vessel edges are delineated more precisely with less
partial volume signal differences, also because of higher
spatial resolution. This is even more surprising, because the
prolonged measurement times could at least theoretically
lead to slow extravasation of the contrast agent. Cross-
section profiles with a plateau instead of the usual Gauss-like
curve led to the assumption that the blood flow arrest is
complete, with little flow-dependant displacement effects.
Moreover, as a further advantage of TAC-CE-MRA, no flow-
related artifacts are encountered.
It is well known that ischemia and partial pressure of
oxygen decrease might lead to vasospasm, locoregional pain,
and subsequent vasodilatation because of the liberation of
respective endothelial factors [12]. Interestingly, no pain or
similar vasodilative effects were observed in the present
study, probably also because of the restricted measurement
times. Even though not an object of the present study,
previous initial attempts to perform TAC-CE-MRA also for
the lower limbs did not succeed because of pain.
In general, one of the most demanding aspects of CE-
MRA of the hands is proper timing of image acquisition. InTable 5
Scoring of the visibility of the various arteries per patient; overall, a visibility
on a per vessel level of 90.4% resulted
Vessel No. of visible art. segments
Radial artery 14
Ulnar artery 11
Princeps pollicis artery 14
Deep palmar arch 12
Common palmar digital artery 14
Proper palmar digital artery 11our case, this had to be coordinated with the onset of
suprasystolic compression, which ideally led to complete
blood flow arrest just when the first-pass contrast bolus had
reached the princeps pollicis vein. Usually a second techni-
cian within the MR room followed the directions of the first
technician so to comply with the protocol. Exact determi-
nation of the individual transit time (Tdelay) with a test bolus
is the key parameter. Only in a few cases it did not succeed,
which led to arterial phases with early venous overlay
(Figure 6A and B) or incomplete arterial filling (Figure 7).
Possible reasons might be that Tdelay cannot always be
Figure 4. A patient with hypothenar hammer syndrome, showing an occlu-
sion of the ulnar artery at the level of the hypothenar eminence (arrow head).
Figure 5. A patient presenting with occlusions in the radialis indicis artery
and the palmar metacarpal arteries 4 (arrow head) and 5, and stenosis in the
third palmar metacarpal artery (thin arrow). Moreover, corkscrew collaterals,
which indicate Buerger disease, can be seen (thick arrows).
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images, that strong intraindividual variations with differing
radial-ulnar artery-vein transit times exist [13], or that simple
technical errors during the procedure and finally temporal
differences between Tdelay of the test and the main bolus
result. There are different factors that influence the arterio-
venous transit time, such as arteriosclerosis, individual
vascular anatomy, cardiac performance, or pathology-related
reasons. For instance, in a patient with an amputated thumb
at the level of the metacarpophalangeal (MCP) joint and
a markedly atrophied princeps pollicis artery, severe venous
contamination was observed. This early more-proximal
venous redistribution heavily hampered the depiction of the
small digital arteries (Figure 6A). Because the early filling of
the princeps pollicis vein was used for determination of
Tdelay, probably venous filling anticipated more distal arterialenhancement. The optimum time window was even restricted
in this present case, which demonstrated the typical diffi-
culties of hand MRA. Perhaps dynamic or time-resolved
MRA or segmented K-space techniques might solve this
issue, but this was not the goal of the present study. Although
the venous contamination is mainly based on a timing error,
the reasons for the incomplete arterial filling are more
heterogeneous (Figure 7). In one first-pass CE-MRA clinical
study, a warmwater bath for the hand to improve vasodila-
tation was introduced [14]; however, because of a tight
clinical schedule, we did not apply this additional feature.
Another study suggested double-dose contrast material to
boost the image quality [15], whereas, in our study, a single
dose was injected. Both SNR and CNR results are more than
sufficient and do not demand higher contrast dosing. Besides
our suprasystolic compression technique at 200 mm Hg [5]
entirely blocking the arterial blood supply, several investi-
gators have proposed the less constricting subsystolic,
supravenous compression technique (at about 70e90 mm
Hg), mainly for the leg runoff vessels [16e21). Its main
Figure 6. (A, left) Arterial phase of a timed arterial compression contrast-enhanced magnetic resonance angiography. Please note the thumb amputation at the
level of the metacarpophalangeal (MCP) joint and the sparse princeps pollicis artery (thick arrow). Venous contamination, caused by the changed anatomic
situation is eminent and hampers the depiction of small arteries, for instance of the proper palmar digital artery (small arrow). Occlusion of ulnar artery at the
level of the ulnocarpal joint is typical for hypothenar hammer syndrome (arrow head). (B, right) Another case of strong venous contamination already in the
arterial phase, which heavily degrades the diagnostic value of this timed arterial compression contrast-enhanced magnetic resonance angiography caused by
wrong timing of the cuff inflation.
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arterial branch of circulation remains opened. This results
both in a delayed venous overlay, some increased distension,
and improved contrast enhancement of feeding arteries, and,
therefore, a certain prolongation of measurement time
without running immediately into backflow problems with
venous contamination. Nevertheless, a recent prospective
volunteer study also described some potential pitfalls, with
decreases in arterial inflow, reduced arterial enhancement,
reduction of vascular-soft tissue contrast, and delayed peak
enhancement for the peripheral runoff vessels [22]. If these
particular concerns with diminished contrast inflow are
confirmed, then suprasystolic compression might even gain
importance, despite the bolus-chase timing challenge.
Moreover, only little practical experience with subsystolic
cuff-compression optimization has been published for the
upper extremities and hand arteries [23]. Definitely, the
extraordinary reported boosting of imaging time, as in our
case for TAC-CE-MRA, has not been reported for sub-
systolic compression techniques, which limited their diag-
nostic potential.In most of the individuals, TAC-CE-MRA yielded very
good artery delineation at all levels. The accurate depiction of
even the most peripheral digital arteries, despite some timing
difficulties, allowed for optimal distinguishing of thrombo-
embolic diseases in our small series of patients. Potentially,
TAC-CE-MRA of the distal extremities can be performed, with
just about any MR scanner suited for MRA, even those that
have not upgraded the most recent technical developments.
Some study limitations should be addressed. We were not
able to compare our results with the criterion standard DSA.
Conventional MRA could not be performed, in addition, for
ethical reasons. Further patient studies with a direct
comparison of these 2 modalities should follow. Moreover,
some of the newer technical improvements for CE-MRA,
such as parallel imaging or segmented k-space reconstruc-
tions, were not implemented together with TAC-CE-MRA.
Additional studies that combined these newer technical
improvements should also be performed. Last but not least,
the study was carried out by using a 1.5-T MR device. Initial
investigations, especially when using this technique on a 3.0-
T MR unit seem very promising.
Figure 7. A case of incomplete arterial filling because of multiple stenoses
and occlusions of the hand and digital arteries (thin arrows), thick arrows
show the curled and irregular wall morphology of the arteries, indicating
marked atherosclerotic changes.
Figure 8. A patient with paleness, cold, and paraesthesia in his right ring and
little finger under chillness exposure showed occlusions of the ulnar artery
and digital arteries of the ring and little finger. A collateral is depicted
coming from distal radial artery and flowing into the branch connection of
the ulnar proper digital artery DIG II.
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The implementation of a suprasystolic timed arterial
compression technique in the CE-MRA of the hand permits
the acquisition of high-resolution angiograms with increased
SNR, CNR, and vessel conspicuity values compared with
other MRA techniques, which allowed detection of even tiny
stenoses of the digital arteries. Thus, this technique might be
a potential and valuable alternative to conventional angiog-
raphy and other MRA techniques to diagnose vessel
pathologies of the hand and fingers.References
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